In developing countries, public transit buses can play a primary role to improve accessibility if they integrated with feeder services. This paper highlights the network catchment analysis of integrated feeder service to the bus stops of BRTS corridor of Ahmedabad city. The revealed preference and stated preference survey is used to collect data for application in SPSS and GIS for spatial catchment analysis. The distance decay curve results demonstrate that percentage of trips is declining with increasing miles from home to the transit bus stops. An average exiting catchment area observed as 940, while the proposed catchment area found as 1998 m for both BRT and non-BRT users and this distance is spatially represented by GIS buffering technique. The improved methodology of this case study can apply as a base for the planning of integrated feeder service bus stops catchment of same-sized metropolitan cities.
public transport system (i.e., bus rapid transit system) and increase the ridership of public transit by providing feeder route services in the cities of developing countries. He has published ten papers in journals and 16 articles in conferences.
Introduction
Public transit plays a vital role in economic development for access to the commuters/travellers to the city centres of metropolitan cities of developing countries. Public buses can play a significant role in public transportation if they integrate with feeder services. Feeder integration offers direct services and accessibility to the transit line acting as platforms for facilitating these services so; public transit may work as efficiently and effectively for users.
The bus stop accessibility can play a dominant in the necessary use made by public transit. Murray and Wu (2003) described that access to transit service bus stops is a critical factor in transit service planning and more people inhabiting and/or employed by transit stations, the higher the possibility that the service will be used. Beimborn et al. (2003) and García-Palomares et al. (2013) have suggested that spatial accessibility to the transit stations is the prime determinant of transit use so far. Service areas are used to realise the current demand and determine the fraction of the population using the service at the stop or station (El-Geneidy et al., 2014) . The basic definition of service area entails the use of distance decay function to estimate the access distances to transit stops (El-Geneidy et al., 2014; Gutiérrez and García-Palomares, 2008; Kimpel et al., 2007; Lam and Morrall, 1981; O'Sullivan and Morrall, 1996; Balya et al., 2016) . Authors using distance decay function to express distances with respect to user's proportion, who will have access distance not more than a defined threshold.
Different authors present several detailed definitions and areas of integration, including: Verma and Dhingra (2005) , Shrivastava and O'Mahony (2006) , Das et al. (2012) , Rahman et al. (2012) , Mohaymany and Gholami (2010) and Almasi et al. (2014) .
One of the critical components of the integration is the meaning of a public transit services progression that might permit recognising feeder and trunk services for the origin-destination associations (May et al., 2006) . The integration and coordination of bus network can efficiently promote the efficiency of service of the system (May et al., 2006) . There are many researchers have focused on geographical information system (GIS) tool for spatial coverage for past years (El-Geneidy et al., 2014; Foda and Osman, 2010; Wibowo and Olszewski, 2005; O'Sullivan and Morrall, 1996; Guti and Garc, 2008; Balya et al., 2016) . Access coverage of bus stops has been identified using a buffer analysis with a radius of the catchment threshold around the transit stop to determine its coverage area (Foda and Osman, 2010) . Using network analysis, GIS facilitates the modelling of distance and delineating service areas (Guti and Garc, 2008) . GIS technique illustrated the proximity to stop (Foda and Osman, 2010) and spatial catchment approach (Wibowo and Olszewski, 2005) .
All the recent literatures have mainly applied GIS tool to identify the accessibility status only. There is petite research available in literature focusing on catchment area analysis using GIS techniques. The paper contributes to the studies of bus stop catchment analysis of public transit network by analysis of access distances of commuters according to the socioeconomic groups. The objective of this study is to identify the catchment analysis of bus stop for feeder public transit service areas. More specifically, it is interesting to analyse the bus stop catchment area of proposed integrated feeder service of BRTS corridor of Ahmedabad city by the bus stop and onboard survey techniques in GIS environment. The results exhibit some of its suggestions in favour of its use and its accessibility to transit networks which ultimately effects on its ridership.
Methodologies and data preparation
The primary goal of this paper is to recognise the bus stop catchment areas based on existing service and neighbourhood characteristics to help in understanding deficiencies and gaps in the existing BRT system. The first step toward generating specific catchment areas is to understand and document how far people are used to the BRTS in the affected region. Catchment areas can be modelled around bus stops using access distance information on a GIS platform from detailed travel behaviour data, here from the surveys.
Using the combination of a revealed preference (RP) and stated preference (SP) survey, the disaggregate data were collected through the bus stop, and onboard surveys by face to face technique around the residential area of Viratnagar to Naroda Patiya corridor of BRTS of Ahmedabad City conducted weekdays in April 2015. The data collection team included eight undergraduate students who collected the whole set around all study bus stops. A total number of participates are 3,027 (BRTS users) and 1,766 (non-BRTS users) by the bus stop and onboard surveys for the research work. Based on findings from the literature, a standardised questionnaire was structured, and respondents are interviewed at various times of the day. This structured questionnaire form comprises of the RP data such as the description of trips. Which includes, travel mode, the purpose of trip, origin and destination, travel time and travel cost, the features of travellers (includes, age, gender, monthly income, occupation, vehicle ownership, and level of education), and travel behaviour.
The willingness of users for BRTS has also asked their access distance by SP survey. The real catchment analysis is calculated from these investigations data. Studies were taken on both the sides of the bus stops radially along the corridor.
Measuring access distances to and from transit stops is the first step in preparing the data for the statistical model, which examines the catchment area on the particular network to access transit system using the individual as the unit set of analysis. This model is generated to assess the reliability of the data in hand and compare factors affecting access to transit stops in the study area. A transit route is considered as satisfying if it is accessible within a network distance threshold viewed from both the origin and the destination of the transit trip. The threshold distance is defined as the value representing the 85th percentile of all access distances to transit bus stops. Network buffers at different stops with 85th percentile were mapped around each bus stop. The existing catchment network and willingness (proposed) users network catchment capture the current catchment area and catchment area for proposed integrated feeder service. The access distance to the transit bus stops, which can call as catchment analysis was mapped within a geographic information system, where ArcGIS 10.0 was used. The circular buffer technique is used for eight bus stops to develop catchment areas. Since the exact catchment area that was designed for the trip origin and access, stops are not reported in the survey records because there may be a chance of missing data at the time of the interviews. 
Description of study area
Ahmedabad is the fifth largest city in Gujarat state and the seventh largest metropolitan area in India with a population of 5.5 million as per census 2011 (Census of India, 2011). The total area of the city is approximately 466 sq. km with six different zones, i.e., North, South, East, Central, West and New West. In the city of Ahmedabad, our case study corridor of Viratnagar to Naroda Patiya is falling under two zone's name as East Zone and North Zone. As per the census 2011, the population of the case study area is 0.94 million with a total area of 30.98 sq. km. The location map study area from Viratnagar to Naroda Patiya BRTS corridor is shown in Figure 1 .
Preliminary data analysis and model specification
This section of the article is presented based on the participants' responses (BRTS users and non-users) by structured questionnaire feedback. The income distribution revealed that a significant proportion of respondents are from low income group (LIG -Rs. < 10,000) at 45%, while 34% people are from the middle income group (MIG -Rs. 10,000 -25,000). Nearly 18% people are from the high income group (HIG). It was observed that two-wheeler and car share was 55% and 13%, whereas the bicycle has 23% and 9% did not have any vehicle. The occupation pattern was divided into four categories viz. Government service, private service, business and self-employed and result estimated as 44% was from private service while 33% are related to business. Government employees were observed only 16%. As per the survey, 76% of age groups are from active groups as working groups, whereas about 10% respondents are from non-adult groups as educating students. About 8% of the population is >50 years age, which belonging to old age category. The household size has been categorised as numbers, i.e., 2, 3, 4, 5, 6 and 7 and the result observed that four no. of the household was higher in the study area. Based on data analysis of data, the average value of maximum trip length was observed 25 km. Responses received were a fair representation, distribution between different socioeconomic groups, income and trip pattern.
To develop a prediction model for access distances at bus stops, a set of potential predictor variables needs to be considered. The model examines the socioeconomic characteristics of the individual travellers like income, household size, vehicle ownership, gender, age and occupation as predictors for the access distance to the bus stops and its surroundings. The study was designed as a regression analysis of the data by statistical package for social science (SPSS v 16.0) software. The participants were asked to indicate their access distance to the bus stops. Participants rated and filled the access distance of the questions on a six-point scale (1: 0-250 m, 2: 250-500 m, 3: 500-750 m, 4: 750-1,000 m, 5: 1,000-1,250 and 6: 1,250-1,500 m 5 Descriptive access distances catchment analysis
Descriptive catchment analysis of existing access distances to transit bus stops
The descriptive statistics of access distances to eight transit bus stops of BRTS presented in Table 1 . The sample size is mentioned at the bottom of the The regression results were obtained to know the relationships between independent variables and dependent variables, between predictor variables with the access distance for eight transit bus stops. The P values for all eight bus stops as Viratnagar (0.00), Lilanagar (0.00), Thakkarnagar (0.00), Hiravadi (0.00), Vijay Park (0.00), Krishnanagar (0.00), Dhanush Dhari Mandir (P = 0.00) and Naroda Patiya (P = 0.00) were found statistically significant results.
Descriptive catchment analysis of proposed access distances to transit bus stops
There are 1,766 participants (not transit users, but willingness to use) were interviewed using SP approach survey. Each individual participant was offered six choice sets (1: 0-500 m, 2: 500-1,000 m, 3: 1,000-1,500 m, 4: 1,500-2,000 m, 5: 2,000-2,500 and 6: >2,500 m). The respondent had to tell his/her current access distance from his/her home to the nearest transit bus stops. The observation reveals that the mean value of non-users found 1,667 m for Naroda Table 2 . 
GIS buffering approach
The most straightforward approach to analysing the geographical catchment of the transit user for bus stops is to consider the Euclidean distance from the bus stops. There is a consensus in the transit researchers that circular buffers around a point (Euclidean buffers) over calculate the service area of a stop. The network buffers are preferable (Gutiérrez and García-Palomares, 2008; Hsiao et al., 1997; Kimpel et al., 2007; O'Neill et al., 1992; Zhao et al., 2003; El-Geneidy et al., 2014) . Specified bus stop location and detailed information on the stops surroundings, like a land-use map or residential building maps, is possible to examine the area within a certain distance of the stop. In the present study, the buffer circles are prepared by building a circular buffer around the bus stops with describing the surrounding areas. The process of circular catchment areas on the map on GIS base is termed as buffering (Balya et al., 2016) . For computation of circular buffers on GIS platform, eight bus stops namely Viratnagar, Lilanagar, Thakkarnagar, Hiravadi, Vijay Park, Krishnanagar, Dhanush Dhari Mandir and Naroda Patiya are selected respectively for the study purpose. Here the catchment area is measured as centroid distance for simplification. From the centroid of the bus stops the existing catchment area is represented by 85th percentile access distance (obtained from Table 1 ) whereas, the proposed integrated feeder catchment area is mapped at eight transit bus stops of 85th percentile access distance (presented in Table 2 ). The lines in the network of figures illustrated the roads whereas, the dark smaller dot indicates the bus stops and the more significant circle represents buffering of the bus stops. Figures 2(a)-2(c) provides the buffer analysis of catchment areas using GIS. 
Distance decay function for access distance
Distance decay functions can be defined as the distribution of trips as a function of travel impedance, usually distance or time (El-Geneidy et al., 2014; Taylor and Openshaw, 1975; Hochmair, 2015) . They assist in recognising the service areas superiorly (Iacono et al., 2010) and thus describe at how far the access distance from the bus stops. The distance-decay functions of BRTS ridership were obtained from the percentage of ridership ratios with relate to distances and adjusting functions by the least-squares method. The distance decay function is exponentially expressed as in equation (1) as follows:
where T is expressed as the percentage of trips made at a given distance (dependent variable)
x represents distance variable, α represents an initial quantity (x = 0) β shows coefficient determining the curve shape.
There are many explanatory variables tested in the models such as household income, household size, vehicle ownership, age groups and gender types from the study area corridor. From all of this, the age groups (which is most useful socioeconomic variable for proposed service) is taken for the modelling purpose. The age groups are divided as 20 years (non-adults), 21-40 years (adults), 41-60 years (mid-age adults) and > 60 (elder people). The distance decay function exponential curves for cumulative percentages of access distances to the transit bus stops are illustrated in Figures 3(a) and 3(b) . The estimated fitted exponential/linear curves have average R 2 value as 0.617 (Viratnagar), 0.619 (Lilanagar), 0.593 (Thakkarnagar), 0.605 (Hiravadi), 0.592 (Vijay Park), 0.616 (Krishnanagar), 0.576 (Dhanush Dhari Mandir) and 0.620 (Naroda Patiya). The entire curves show similarity in nature. These R 2 values show nearly good significant results for all the bus stops. The value of β of all the bus stops has smaller value suggesting that all the bus stop's access trips are longer. The curves all terminate near 1,500 metres and all their shapes are showing in linear form. The overall curves results deliberated that percentage of trips will be declined with increasing distances from home to the transit bus stops.
The access distance differences according to the age groups are obtained in turn down for BRTS users with distance from home (Table 3) . To summarise these differences, exponential adjustments to the decrease in access distance to transit bus stops for the different groups (for example, age groups, Figures 3(a) and 3(b) . As per the distance increases from home, the trips per person decreases from the distance sets of 200 m to 1,400 m. This decline of the graphs proves the importance of spatial catchment analysis to bus stops of the BRTS. The following points can be observed from the data Table 3 .
• The use of BRTS of non-adults groups is found up to 400 m with 74 percentages from home while adults groups are higher in the range of 400-800 m with 73 percentage distance from home for Viratnagar bus stop. Mid age adult groups have span up to 600 m with 79 percentages from home while 81% distances up to 400 m found in elder people. As the distance increases, the percentage decrease in the non-adults and more seniors are observed while in adults and mid-age adults groups have little bit higher distance as compared with them for Viratnagar bus stop.
• The distance from home according to Lilanagar bus stop to age groups corroborates that all the groups (non-adult, adults, mid-age adult and elder people) show similar values up to 600 m distance. It indicates that the existing users of BRTS are near up to 600 m, which means all groups are more sensitive to increase in the distance from this bus stop.
• In case of Thakkarnagar bus stop, 82% non-adult users indicated the 600 m distance from home while elder users estimated 91% of 400 m distance from home. Adults' group shows 800 m distance with 91% from home compared with mid-age adult groups with 90% distance from home. The observations for this bus stop indicated similar results of Viratnagar bus stop.
• The distance from home according to two bus stops such as Hiravadi and Vijay Park to age groups confirms 81% and 80% non-adults have 600 m distance, while elder people revealed 91% and 89% up to 400 m distance. The distance for adults and mid-age adults found 800m with 91 and 88% for Hiravadi and 87% and 86% for Vijay Park.
• The access distances for BRTS users of non-adult groups for three bus stops up to 600 m have nearly 80% for Krishnanagar; 86% for Dhanush Dhari Mandir and 78% for Naroda Patiya. The distance for adults and mid-age adults found 800 m with 90% and 88% for Krishnanagar; 89% and 91% for Dhanush Dhari Mandir and; 85% and 88% for Naroda Patiya. Elder people groups' shows access distance of 600m (94%) for Krishnanagar; 600 m (100%) for Dhanush Dhari Mandir and; 600 m (95%) for Naroda Patiya from home. The observation revealed that, as per the access distance increases, the percentage decrease in all categories of the users as non-adults, adults, mid-age adults and elder people. The proposed access distance for integrated feeder service was also measured from the collected data of SP. The average 85th percentile value of all bus stops was found 1,995 m, whereas, the average amount of access distance was 1,478 m. The 85th percentile observation reveals that the willingness of users for access to BRTS is higher from Viratnagar, Thakkarnagar and Naroda Patiya as 2,244 m, 2,168 m and 2,250 m at bus stops surroundings. Whereas, other bus stops such as Lilanagar (1,736), Hiravadi (1,904), Vijay Park (1,886), Krishnanagar (1,989) and Dhanush Dhari Mandir (1,783) have lesser than this. These proposed catchment areas may lead to think about integrated feeder service for public transit system. The existing and proposed catchment areas of the transit users to the bus stops are spatially distributed on a GIS platform using the buffering technique. A GIS analysis was needed to relate the existing and proposed catchment areas to the street network and to estimate distances to bus stops.
A distance decay function was derived and used to compute access distances to the transit bus stop to account the existing and proposed catchment areas around the bus stops. It is the function of exponential curves for cumulative percentages of access distances to the transit bus stops are estimated for only age groups. The estimated fitted exponential curves have average R 2 value as 0.617 (Viratnagar), 0.619 (Lilanagar), 0.593 (Thakkarnagar), 0.605 (Hiravadi), 0.592 (Vijay Park), 0.616 (Krishnanagar), 0.576 (Dhanush Dhari Mandir) and 0.620 (Naroda Patiya) which indicates good significant value. The curves all terminate near 1500 metre buffers in the study area, and all their shapes come under linear form. The observation of distance decay results revealed that the percentage of trips is declining with increasing distances from home to the transit bus stops. This is proved by many researchers also.
The results of access distance differences according to the age groups for Viratnagar, Thakkarnagar, Hiravadi and Vijay Park bus stops revealed that, as per the distance increases, the percentage decrease in the non-adults and elder people while in adults and mid-age adults groups have a little bit higher distance as compared with them. The observation for Lilanagar shows that the existing users of BRTS are near up to 600m, which means all groups are more sensitive to increases in access distance for this bus stop. The analysis of the results for Krishnanagar, Dhanush Dhari Mandir and Naroda Patiya disclosed that, as per the access distance increases, the percentage decrease in all categories of the users as non-adults, adults, mid-age adults and elder people. The overall observation showcased that percentage decrease of in all the age categories of the users to increase the inconvenient distance from the present study area. Finally, the output of the results of existing and proposed catchment areas using distance decay function were very encouraging and could contribute to introduce integrated feeder service to the public bus transits system. This paper mainly highlighted the methodological framework for the collection of the data and identification of bus stop catchment areas of BRTS users/ nonusers of proposed feeder service on GIS platform.
